Two experiments examined phonological priming in children and adults, using a cross-modal picture-word interference task. Pictures of familiar objects were presented on a computer screen, while interfering words (IWs) were presented over headphones. In terms of their relation to target pictures, IWs were either phonologically related, unrelated, neutral (the word go), or identical. Ninety children ( aged  ;  to  ; ,  aged  ;  to  ; , and  aged  ;  to  ; ) and  adults were instructed to name the pictures as quickly as possible while ignoring the IWs. In Experiment , related IWs shared onset consonants with the names of the pictures. Across ages, participants named pictures faster with related IWs than with unrelated IWs. In Experiment , related IWs rhymed with the targets. Here, only the youngest children (five to seven-year-olds) named pictures faster with related IWs than with unrelated IWs. The results indicate that priming effects reach a peak during a time when articulatory information is being consolidated in the output phonological buffer. The disappearance of the rhyme priming effect with age may reflect the gradual emergence of the onset as an organizing structure in speech production. This increased prominence of the onset can be viewed as one component of a just-in-time, incrementalist approach to speech production that allows adults to speak more fluently than children.
   
headphones. The participant's task is to name the pictures as quickly as possible, while ignoring the auditorily presented distracters. Because the additional word may create a Stroop-like interference effect (Stroop, ) , it is often referred to as an ' interfering stimulus ' or ' interfering word ' (IW).
In studies using this task, phonologically related IWs, such as ' snake ', when presented with ' snail ', have been found to produce less interference than phonologically unrelated IWs, such as ' snake ', when presented with ' house ' (Schriefers et al., ) . Repetition primes, such as ' snake-snake ' are even more effective in terms of producing positive facilitation. These effects have been observed in conditions in which the interfering word is presented simultaneously, or slightly after the picture to be named. These effects can be interpreted in the context of an incrementalist theory of language production that views articulations as gathering clarity and strength over time in an output articulatory buffer (Dell,  ; Meyer & Schriefers,  ; Gupta & MacWhinney, ) . On the sentence level, incrementalism (Ferreira, ) holds that production begins as soon as the sentence formulator has composed the first few words of an utterance. On the word level, incrementalism holds that word production can begin as soon as the lexical formulator has composed the initial segments of the word.
The incrementalist view makes strong predictions regarding the types of phonological priming that should be most effective in speeding up word generation. In particular, it predicts that onset primes that match the initial segments of words, such as ' snake-snail ' will be more effective in speeding up picture naming than offset or ' rhyme ' primes that match the final segments of words, such as ' pail-snail '. This asymmetry has been reported by Meyer & Schriefers () for adult subjects. It is unclear whether we should also expect to find this type of evidence for incrementalism in children. If incremental production is a basic, perhaps even innate, component of the speech production system, it should be present in school-aged children. Alternatively, incrementalism may emerge during the course of language development as a result of changes in lexical structures facilitating faster production. To the extent that children's lexical representations are holistic (i.e. without detailed phonological segmentation), their representations may not support a just-in-time incremental processing strategy. If this second alternative is true, we would expect to find less of an asymmetry in children between the facilitating effects of onset and rhyme primes.
The idea that lexical representations may be restructured during childhood has been endorsed by a number of researchers (Walley,  ; Jusczyk,  ; Metsala, ) and several studies have provided evidence that young children's lexical representations are more holistic than adults ' (Treiman & Breaux,  ; Walley, Smith & Jusczyk,  ; Walley, ) . Wijnen () has observed that young children (two-year-olds) tend to make a disproportionate number of segment and feature errors involving the coda, whereas adult errors disproportionately involve the onset, suggesting a growth in the importance of word onsets over development. Other evidence of restructuring of lexical representations comes from studies of the development of phonological awareness skills. The ability to detect syllables and rhymes is well established by age five (MacLean, Bryant & Bradley, ) . However, tasks requiring operations on individual phonological segments (e.g. ' What would sport sound like if you took away the first sound ? ') are not mastered until the school age years when children are learning to read (Bryant, MacLean, Bradley & Crossland, ) .
The development of fine-grained, segmental representations seems to be a very gradual process, extending through the school age years (Walley,  ; Metsala, ) . A recent study by Metsala () provides evidence of developmental change in the lexical representations underlying word recognition in children between the ages of seven and eleven years. The study used a gating paradigm in which, over a series of trials, participants listened to increasingly longer segments of words while attempting to identify target words. The amount of phonological information needed to recognize each word was treated as an index of the extent to which the word was represented segmentally rather than holistically. The rationale was that participants should require more acoustic information to identify words represented holistically. In Metsala's study the target words differed in terms of frequency and ' neighbourhood density ' (i.e. as defined by the number of English words sharing phonological segments with the target word). Metsala found that, despite children having smaller vocabularies than adults, they required more acoustic-phonetic information for word recognition. Interestingly, words that were of high frequency and were from dense neighbourhoods (i.e. target words sharing many sounds with other English words) showed the smallest developmental differences. This finding suggests that restructuring does not occur in a system-wide fashion, but rather on an itemby-item basis, with high frequency words in dense neighbourhoods undergoing restructuring first.
When studying the development of lexical access in word production, it is very important to keep in mind the general speed-up of cognitive processing speed that occurs with development. Kail (, ) has shown that, throughout childhood and adolescence, processing speed increases in terms of a negative exponential function. It is reasonable to expect that this general speed-up effect would also extend to performance on the picture naming task. We should expect that, due to faster processing of the IWs with increasing age, the time of maximum sensitivity of the target to the IW would be earlier in adults than in children. In our experiments, the timing of the gap between the target and the IW is called the stimulus onset asynchrony or SOA. The particular values for the SOA used in the present experiments are identical to those employed in a previous cross-modal picture-word study with adults     (Schriefers et al., ) . Schreifers et al. used the cross-modal picture-word interference paradigm to explore the time course of semantic and phonological activation in lexical access. They observed that phonologically related IWs (i.e. words sharing the onset consonant(s) with the target picture names) affected picture naming latencies at later SOAs than semantically related IWs. They used this finding to support a serial model of lexical access, in which access to the form of a word occurs after access to its meaning. Although the goals of our study are quite different from those of Schriefers et al., their study provides us with guideposts regarding the SOAs that produce robust phonological onset priming in adults.
In the present study, the nature of the phonologically-related IWs was varied across two experiments. In Experiment , phonologically-related IWs shared the onset consonants with the names of the target pictures. In Experiment , phonologically-related IWs shared the vowel and final consonants with the names of the pictures. Children were tested over multiple sessions to vary the interval between the onset of the picture and the onset of the auditory stimulus (SOA) within subjects. Because no reading was required, we were able to test children as young as five years of age. Moreover, we were able to test them using picture and word stimuli that were entirely familiar and natural.
EXPERIMENT  : PHONOLOGICAL ONSET PRIMING 
Participants
Fifteen five-year-olds (mean  ; , range  ; -; ),  seven-year-olds (mean  ; , range  ; -; ),  older children (mean  ; , range  ; - ; ), and  undergraduates participated in this study. The children were recruited and tested at private schools in Pittsburgh, PA. The undergraduates were volunteers from the introductory psychology subject pool at Carnegie Mellon University.
Materials and design
The experimental pictures were  line drawings of common objects selected from the Snodgrass & Vanderwart () set of standardized pictures. Four additional line drawings were used as practice pictures. The  pictures, as well as all items in the second experiment, were pictures that young children are able to name consistently (Cycowicz, Friedman, Snodgrass & Rothstein, ) . All of the names of the pictures were monosyllabic words. The  experimental pictures comprised eight pairs with the names of each pair of pictures sharing the same onset consonant or     consonant cluster. Each experimental picture was presented with each of four types of interfering words (IWs).
. Identical. In this condition, the IW was the name of the target picture. . Neutral. In this condition, the IW was the word go. . Onset-related. In this condition, the IW was the name of the other picture in the response set which shared the onset consonant or consonant cluster with the name of the target picture. . Unrelated. In this condition, the IW was the name of another picture in the response set which was phonologically and semantically unrelated to the name of the target.
For a complete list of the experimental stimuli and the IWs each picture was paired with in the related and unrelated conditions, see Appendix A.
The IWs were presented auditorily at each of three SOAs (stimulus onset asynchronies) : k,  and j ms (the onset of the auditory stimulus was  ms prior to, simultaneous with, or  ms after the onset of the picture). SOA was manipulated in a blocked design so that each participant was presented one block of  practice trials and  experimental trials at each SOA, with order of presentation of SOA conditions counterbalanced. The  experimental trials comprised the  experimental pictures, each paired once with each of the four types of IWs (identical, neutral, onsetrelated and unrelated). Within each block of  trials, there were four subblocks of  trials. The first four trials in each sub-block were practice trials in which each practice picture was paired once with the neutral IW go. The next  trials consisted of the  experimental pictures, with four items paired with each of the four types of IWs. The order of presentation of the four sub-blocks within each block, as well as the ordering of the experimental items within each sub-block, was randomized.
Apparatus
The pictures were presented on a d Apple computer monitor as black line drawings on an off-white background. The IWs were digitized and edited using SoundEdit  on a Macintosh Power PC. The IWs were presented using headphones. The experiment was run on a Macintosh Power PC using PsyScope software (Cohen, MacWhinney, Flatt & Provost, ) which controlled the presentation of the target pictures and IWs. Timing was accomplished using a button box timer connected to a voice-activated relay (a microphone). Reaction times to the nearest millisecond were measured from the onset of the target picture to the triggering of the voice key by the participant's response. In addition to the computer-generated stimuli, each experimental and practice picture was printed and mounted on a did flash card. These cards were used to provide the participants with practice in naming the pictures.
    

Procedure
Each child was tested individually in a quiet room at their school for three or four sessions lasting - minutes each. The sessions were typically spaced about three days apart and occurred within the span of two to three weeks. Adults were tested individually in a single -minute session at a laboratory at Carnegie Mellon University. At the beginning of the first session, participants were shown the pictures on flash cards one at a time and were asked to name each picture. On the rare occasions in which a child used a word different from the target picture name, the experimenter told the child the target name for the picture. The twenty flash cards were reviewed two or three times until the participants named the pictures consistently.
Next, participants were given practice naming the pictures on the computer and using the microphone. They were seated at a comfortable viewing distance from the monitor with the microphone approximately one inch in front of their lips. The position of the microphone was secured by a metal stand which could be adjusted to the participant's height. The pictures were presented one at a time and participants were told to name each picture as quickly as possible. Children who ' framed ' the names of the pictures, by saying, for example, ' a dog ' or ' the tree ' instead of simply ' dog ' and ' tree ', were given additional instruction and practice naming the items until they learned to say only the names of the pictures. Children who failed to use the microphone correctly, for instance by putting the microphone in their mouth or whispering in too low of a voice to be audible, were also given additional practice trials. In general, most children practised naming the set of  pictures on the computer two times, while most adults went through the set once.
At this point the headphones were brought out and the picture-word interference task was introduced. The experimenter told the participants, ' Now you will hear words over the headphones while you name the pictures on the computer. You will often hear the word go which is a reminder to go as fast as you can and to keep going even if you get confused and make a mistake. Sometimes the word you will hear will be the name of the picture on the computer and sometimes it will be the name of another picture. Your job is to ignore the words as much as possible and to concentrate on naming what you see, and not what you hear. ' The experimenter encouraged the children to use a strong voice when speaking into the microphone. The experimenter explicitly told the children not to talk, while wearing the headphones, except to name the pictures. During each block of trials, the experimenter sat behind the participant and recorded by hand any technical problems (computer or voice key) and any errors made. Periodically, the children were told that they were doing a good job.
Depending on the SOA condition, the onset of the IW began  ms    before, simultaneous with, or  ms after the onset of the picture. Each target picture remained on the computer screen until the voice key was activated. Triggering of the voice key caused the picture to disappear. After two seconds, the next trial began. After each sub-block of  trials, the experiment paused so that the experimenter could talk to the children and adjust the microphone if necessary. At this time children were allowed to take off their headphones and talk to the experimenter if they wished. Children were given each of the three blocks of  trials in separate sessions. At the beginning of each session, the flash cards were reviewed to ensure that the children remembered the names of the pictures. If at any time a child appeared fatigued or was not having a good time, the session was terminated and the child was allowed to finish in a subsequent session.
General design format
Both experiments use essentially the same procedure, overall experimental design, and framework for data analysis. Because the analysis involves many factors and comparisons, it is helpful to review the overall shape of the design and analytic procedure in detail for this first experiment, understanding that this framework will apply to both experiments. Both experiments used a mixed-model ANOVA design with two withinsubjects factors and one between-subjects factor. The between-subjects factor involved a comparison of three age groups for the children and one age group for the adults. The two within-subjects factors were SOA with three possible levels and IW with four possible levels. The four levels of IW were always the same : neutral, identical, phonologically related and unrelated. The hypotheses tested revolve around effects (i.e. differences in RTs and error rates as a function of IW type) associated with these three comparisons between IW types : . Phonological priming effects. Facilitatory effects for phonological priming can be estimated by comparing the phonologically related and unrelated conditions. Of course, all of the IWs have a basic interfering effect on naming, but, if there is a priming effect, then interference should be less in the phonologically related condition. . Identity priming effects. The comparison of the neutral condition with the identical IW condition allows us to estimate the facilitatory effect at different ages and SOAs for identity priming. This comparison examines the extent to which individuals are faster at naming pictures when provided with the corresponding names of the pictures. . Lexical competition effects. The comparison of the neutral condition with the unrelated condition allows us to estimate the additional inhibitory effects of the mere presence of an additional word on lexical access.
    
For each of these three basic comparisons, we want to know how the effects vary with SOA, thereby revealing peaks in the sensitivity of lexical generation to interference and priming effects from the IW. We also want to know how these effects change with age, revealing aspects of the development of lexical generation. The basic analyses reported in the results section are summarized in the discussion sections which follow. For each experiment, we provide a table, which summarizes the results of the planned comparisons for the three IW comparison types listed above. Also, for each experiment, a figure is used to present the mean RT differences between the neutral condition, and the phonologically-related, unrelated and identical conditions. The summary tables and figures convey all of the central empirical results of the experiments.
General analysis format
The ANOVA results we report will be from analyses using subjects as the random factor. We also conducted a complete and parallel set of analyses with items as the random factor. In terms of the pattern of significant results, the item analyses yielded exactly the same results as our subject analyses. If a significant main effect of age was obtained in an ANOVA, post hoc Bonferroni comparisons were conducted at the n level. For each experiment, planned comparisons were conducted to compare IW types at each SOA ; these tests always examined the three basic IW condition comparisons summarized just above.
Errors were trials in which participants used words other than the target names of the pictures (e.g. by repeating the IW), stuttered or repaired their utterances, or failed to make a response within four seconds. Trials in which the voice key malfunctioned or the computer crashed were considered lost trials and were not counted as errors. Trials in which the participant stopped performing the task and started talking to the experimenter were also coded as lost trials, rather than errors. On these occasions, the experimenter paused the experiment and resumed after the child had settled down. Error rates and numbers of lost trials were analysed using mixed-design analyses of variance (ANOVAs).

Reaction times
Mean response latencies for correct trials for each age group, SOA condition, and IW type are presented in Table  . All values are given in milliseconds. Mean RTs were analysed in a mixed-design ANOVA with a betweensubjects factor of age and within-subjects factors of SOA (k, , j) and IW type (identical, neutral, onset-related, unrelated    F(,) l n, p n, and IW type, F(, ) l n, p n. Post hoc Bonferroni tests for the main effect of age indicated that the mean RTs for the three groups of children (, , and  ms for the fiveyear-olds, seven-year-olds, and nine to eleven-year-olds, respectively) were significantly different from each other (p n). Although the mean RT for the adults ( ms) was faster than the means of the five-year-olds and sevenyear-olds, there was no difference between the nine to eleven-year-olds and the adults. Planned comparisons of the SOA conditions showed that, on average, RTs for SOA k were faster than for SOA  ( vs.  ms), F(, ) l n, p n. Mean RTs for SOA  ( ms) and SOA j ( ms) did not differ significantly. In addition to the main effects, the two-way interactions of age with SOA, F(, ) l n, p n, age with IW type, F(, ) l n, p n, and SOA with IW type, F(, ) l n, p n, and the three-way interaction of age with SOA and IW type, F(, ) l n, p n, were significant. Figure  presents the mean reaction time differences (in milliseconds) between the neutral IW condition and the onset-related, unrelated, and identical conditions, for each age group and SOA condition. In the figures presented, positive difference scores indicate interference relative to the neutral condition, and negative values indicate facilitation. Table  summarizes the results of the planned comparisons of IW conditions, in terms of significance levels, at each SOA condition and age. For the comparison of onset-related and unrelated conditions, at SOAs  and j, all age groups named pictures paired with onset-related IWs faster than pictures paired with unrelated IWs, Fs(, ) n, ps n. In contrast, at SOA k, there was no advantage for the onset-related condition, and the seven-year-olds showed somewhat faster naming of pictures paired with unrelated IWs, F(, ) l n, p n.
Identical IWs tended to speed up picture naming relative to neutral IWs. Identity priming occurred at SOAs  and j for the five-year-olds, Fs(, ) n, ps n, at SOAs k and  for the seven-year-olds, Fs(, ) n, ps n, at all SOAs for the nine to eleven-year-olds, Fs(, ) n, ps n, and at SOA k for the adults, F(, ) l n, p n. Naming latencies were longer for pictures paired with unrelated IWs than for pictures paired with neutral IWs : The interfering effect of lexical competition was significant at all SOAs for the five-year-olds, Fs(, ) n, ps n, at SOAs  and j for the seven-year-olds, Fs(, ) n, ps n, at all SOAs for the nine to eleven-year-olds, Fs(, ) n, ps n, and at SOAs  and j for the adults, Fs(, ) n, ps n. 
     . Summary of significance levels for the principal results of Experiment
The difference between onset-related and unrelated IW types was significant (p n), but was in the opposite direction from the predicted effect.
   
Lost trials
Lost trials accounted for n % of the total trials for the five-year-olds, n % for the seven-year-olds, n % for the nine to eleven-year-olds, and n % for the adults. Numbers of lost trials per SOA condition and IW type were analysed in a mixed-design ANOVA. Given that lost trials were often a consequence of off-task behaviour (e.g. talking during the experiment), it was not surprising that the main effect of age was significant, F(, ) l n, p n. Post hoc Bonferroni tests indicated a greater number of lost trials for the five-year-olds than for the three older groups, and no other groups differed. The only other effect to reach statistical significance in the ANOVA was a weak interaction of age with IW type, F(, ) l n, p n. To decompose the interaction, separate ANOVAs were conducted for each age group with SOA and IW type as within-subjects factors. In none of the ANOVAs were either of the main effects or their interaction significant. Thus, it appears that IW type was unrelated to the number of lost trials at each age ; random fluctuations in the rates of lost trials per IW type across age groups were the source of the interaction.
Errors
The numbers of lost trials and the distribution of lost trials across IW types was different for each age. Therefore, error rates were adjusted in accordance with the actual number of trials completed. The adjusted error rates were equal to the number of errors made, divided by the number of correct trials plus errors. The adjusted mean percentages of errors for each SOA condition, IW type, and age group are presented in Table  . The adjusted error rates were analysed in a mixed-design ANOVA. The proportions of errors were arcsine transformed prior to statistical analysis, as is recommended for proportional data (Cohen & Cohen, ) . The ANOVA conducted on error proportions showed main effects of age, F(, ) l n, p n, SOA, F(, ) l n, p n, and IW type, F(, ) l n, p n. Post hoc Bonferroni tests confirmed that errors decreased with age : The error rate of the five-year-olds (n %) was greater than that of the seven-year-olds (n %) or the adults (n %), and the nine to eleven-yearolds (n %) made more errors than the adults. Comparisons of the SOA conditions showed fewer errors at SOA - (n %) than at SOA  (n %), F(, ) l n, p n. The error rates for SOA  (n %) and SOA j (n %) did not differ.
In addition to the main effects, there were significant two-way interactions of age with IW type, F(, ) l n, p n, and SOA with IW type, F(, ) l n, p n, and a three-way interaction of age with SOA and IW type, F(, ) l n, p l n. The results of the planned comparisons      clarify the interactions and are presented in Table  . In comparing the onsetrelated and unrelated conditions, at SOA k, there was no advantage for the onset-related condition, and the five-year-olds actually produced a greater number of errors for pictures paired with onset-related IWs, F(, ) l n, p n. Comparisons of onset-related and unrelated conditions yielded significantly lower error rates for pictures paired with onset-related IWs only for the seven-year-olds at SOA j, F(, ) l n, p n, and for the nine to eleven-year-olds at SOA , F(, ) l n, p n.
Identical IWs led to lower error rates relative to neutral IWs at SOAs  and j for the five-year-olds, Fs(, ) n, ps n, and at SOA j for the seven-year-olds, F(, ) l n, p n. Error rates were greater for pictures paired with unrelated IWs than for pictures paired with neutral IWs only at SOA  for the nine to eleven-year-olds, F(,) l n, p n, and the adults, F(, ) l n, p n.

This first study yielded clear developmental results. Both response latencies and error rates decreased uniformly with age. In addition to these overall age effects, both response latencies and error rates varied as a function of the timing of the IWs. As the time of presentation of the IW moved closer to the time of word production, increased interference produced higher response latencies and errors rates. Response latencies were fastest at SOA k, when the IW preceded the picture to be named. They were slowest at SOAs  and j, when the IW was heard as the participant was trying to name the picture. This effect is due to the fact that the presentation of the IW started to overlap more and more with the process of naming the picture. Error rates followed a similar pattern with fewer errors at SOA k than at SOAs  or j. Again, at the later SOAs, increased interference led to increased errors.
Phonological priming
To compute phonological priming effects, onset-related and unrelated IW conditions were compared. This comparison showed that onset-related IWs produce less interference in picture naming than unrelated IWs when the IW occurs late, during the period of time when it is maximally interfering with picture naming. If the onset-related IW occurs too early, there will be no benefit at all in comparison with an unrelated IW. This time course for the phonological priming effect matches the one reported by Schriefers et al. () in a similar study conducted with adults.
The most likely account for the phonological effect focuses on the role of speech generation in the output phonological buffer (Dell,  ; Meyer & Schriefers,  ; Gupta & MacWhinney, ). According to this account, the onset of the IW is used to prime the activation of a parallel onset in the     output phonological buffer. Even before the rest of the word is filled in, the speaker can begin to produce the word starting with this pre-generated onset material. This account supposes that the output phonological form can be decomposed into onset and rhyme segments and that the onset of the word is available to actual output generation at a time when the rest of the word (the rhyme) is not yet completely determined. At SOAs  and j, this emerging onset pattern is then further supported by the corresponding onset from the phonological prime and the combined activation of the two forms is then enough to lead to a facilitation in the speed of output generation.
While phonological priming occurred at SOAs  and j for all age groups, the effect peaked for the five-year-olds at SOA j, and for the other age groups at SOA . In other words, the greatest RT difference between phonologically related and unrelated IW conditions occurred at an earlier SOA for the older groups. This pattern of results corresponds well with the basic change in processing speed that occurs across the developmental span (Kail, ) .
Identity priming
The identical and neutral IW types were compared to examine the influence of identity priming. Pictures paired with identical IWs were named faster than pictures paired with neutral IWs across the range of SOAs examined. The identical IWs did not interfere with picture naming. Instead, they were actually facilitatory. The facilitating effect of the identical IWs was also manifest in lower error rates relative to the neutral condition. A plausible explanation of these identity priming effects is similar to the one suggested above for phonological priming effects. However, in the case of identity priming, both the onset and the rhyme are pre-generated in the output phonological buffer. As a result, the facilitation effect is stronger.
For identity priming, the greatest RT differences between identical and neutral IW conditions occurred at a later SOA for the youngest age group. This finding that the identity priming effect peaked later for the youngest group matches the results for phonological priming described above. Taken together, the time course of these effects provides further support for an incrementalist view of the gradual stabilization of the articulatory plan in the output buffer. For younger children the stabilization of the plan occurs over a longer time, so the effects can have an impact even when they arrive later.
Facilitation from identity priming resulted in lower error rates for pictures paired with identical IWs for the younger groups, especially at SOA j. At SOA k, the five-year-olds failed to show faster RTs for pictures paired with identical IWs, whereas identity priming was present at this SOA for the other groups. In fact, significant identity priming was found only at SOA k for the adult group. Again, these findings can be attributed to the increased speed of lexical generation found in the older groups.
   
Lexical competition
To examine the effect of ' lexical competition ', unrelated and neutral IW types were compared. Across the range of SOAs used, pictures paired with unrelated IWs were named more slowly than pictures paired with neutral IWs. The inhibitory effect of lexical competition was also evident in the error data. Participants made more errors in naming pictures paired with unrelated IWs than for pictures paired with neutral IWs. These results indicate that the interference with naming is partially due to the presence of an incoming auditory form, but even more due to the processing of a competing lexical form.
EXPERIMENT  : PHONOLOGICAL RHYME PRIMING Experiment  provided evidence for developmental changes in the effects of phonological priming on lexical generation. The phonological correspondence between the IW and the target involved a match on the initial consonant cluster, but not on later segments in the picture name. If we look at the literature on lexical access in the related areas of reading and spelling, we find that research has often been able to distinguish the effects of initial consonant match or alliteration from the effects of rhyming (e.g. Treiman, ). In a pair such as ' boat-bag ', there is an alliterative match on the initial consonant. However, in a pair such as ' boat-coat ' there is a rhyming match in the vowel nucleus \o\, as well as in the coda \t\. Models of spoken word recognition uniformly emphasize the crucial role of the onset in facilitating lexical access (e.g. Marslen-Wilson,  ; Norris,  ; Gaskell, Hare & Marslen-Wilson, ) and there is evidence that onset overlap may help to organize competing lexical fields (Goldinger, Luce & Pisoni, ) .
In view of these findings, we considered it important to examine the developmental shape of the onset-rhyme contrast using the cross-modal picture-word interference paradigm. A second study was constructed to parallel the first, while looking at the effects of a rhyme match, rather than an alliterative match. Our developmental prediction was that the rate of word generation would be more strongly influenced by the presence of a rhyme prime in younger participants, particularly at SOA levels that overlap with the period of phonological generation. In older participants, with greater reliance on the onset in facilitating lexical access, coupled with the overall speed up in phonological generation, the strength of the rhyme priming effect was predicted to decrease.
    
Participants
Fifteen five-year-olds (mean  ; , range  ; -; ),  seven-year-olds (mean  ; , range  ; - ; ), and  older children (mean  ; , range  ; - ; ), were recruited and tested at the same schools as in Experiment . An additional  Carnegie Mellon University undergraduates participated in the study. No children or adults participated in both experiments.
Materials and design
As in Experiment , the  experimental pictures and  practice pictures were selected from the Snodgrass & Vanderwart () set of standardized line drawings. The names of the experimental pictures were eight pairs of words that rhymed. The design of the experiment was identical to Experiment . The names of the experimental pictures and the IWs each picture was paired with in the rhyme-related and unrelated conditions are shown in Appendix B.
Procedure
The procedure was the same as in Experiment .

Reaction times
Mean naming latencies for correct trials for each age group, SOA condition, and IW type are presented in Table  . Mean RTs were analysed in a mixeddesign ANOVA with a between-subjects factor of age and within-subjects variables of SOA (k, , j) and IW type (identical, neutral, rhymerelated, unrelated). The overall ANOVA showed main effects for age, F(, ) l n, p n, SOA, F(, ) l n, p n, and IW type, F(, ) l n, p n. Post hoc Bonferroni tests indicated that the mean RTs for the three groups of children were significantly different from each other (, , and  ms for the five-year-olds, seven-year-olds, and nine to eleven-year-olds, respectively). While the adults ( ms) named pictures faster than the five-year-olds and seven-year-olds, there was no significant RT difference between the nine to eleven-year-olds and the adults. Planned comparisons of SOA conditions indicated that, on average, pictures were named faster at SOA k ( ms) than at SOA  ( ms), F(, ) l n, p n. Mean RTs for SOA  ( ms) and SOA j ( ms) did not differ.
     . Mean RTs (in milliseconds) and percentages of errors per Stimulus Onset Asyncrony (SOA) and
Interfering Word (IW) type in Experiment (n l at each age)
Nine to eleven-year-olds RTs 
   
The two-way interactions of age with SOA, F(, ) l n, p n, age with IW type, F(, ) l n, p n, and SOA with IW type, F(, ) l n, p n, were significant, as was the three-way interaction, F(, ) l n, p n. Figure  presents the mean reaction time differences (in milliseconds) between the neutral IW condition and the rhyme-related, unrelated, and identical conditions, for each age group and SOA condition. Table  presents a summary of the three planned comparisons of IW types, in terms of significance levels at each SOA and age. First, the RTs for the rhyme-related and unrelated IW types were compared. The five-year-olds and seven-year-olds named pictures paired with rhymerelated IWs faster than pictures paired with unrelated IWs at SOAs  and j, Fs(, ) n, ps n. In contrast, for the two older groups (nine to eleven-year-olds and adults), there was no significant advantage for pictures paired with rhyme-related IWs. Hence, significant rhyme-based phonological priming was observed only for the two younger age groups.
Second, RTs for the identical and neutral IW types were compared. The planned comparisons at each age showed significantly faster RTs for pictures paired with identical IWs only at SOA k, Fs(, ) n, ps n. No identity priming occurred at SOA  and j. Third, at all ages, at SOAs  and j, RTs for pictures paired with unrelated IWs were slower than for pictures paired with neutral IWs, Fs(, ) n, ps n.
Comparison of RT results for Experiments and
To compare the RT results of the two experiments, we conducted an additional series of ANOVAs. We report here only effects that involve the factor of experiment. The first analysis was a mixed-design ANOVA with between-subjects factors of experiment and age and within-subjects variables of SOA and IW type. This overall ANOVA revealed significant three-way interactions of experiment, age, and IW type, F(, ) l n, p n, and experiment, SOA, and IW type, F(, ) l n, p n, and a fourway interaction of experiment, age, SOA, and IW type, F(, ) l n, p n.
To break down the interactions involving IW type, we conducted ANOVAs for the three planned comparisons of IW types, including experiment, age, and SOA as additional factors. In the ANOVA comparing phonologically-related and unrelated IW types, there was a significant threeway interaction of experiment, age, and IW type, F(, ) l n, p n. Additional ANOVAs, conducted for each age group separately, revealed significant two-way interactions of experiment and IW type for the five-yearolds, the nine to eleven-year-olds, and the adults, Fs(, ) n, ps n. For the five-year-olds the strength of the rhyme-priming effect was greater than the onset-priming effect, i.e. pictures paired with rhyme-related IWs 

were named faster than pictures paired with onset-related IWs (with mean RTs of ms for the rhyme-related condition and  ms. for the onsetrelated condition). In contrast, for the oldest child group and the adults, the strength of onset-priming was greater than rhyme-priming, i.e. pictures paired with onset-related IWs were named faster than pictures paired with rhyme related IWs (with mean RTs of  ms for the onset condition and  ms for the rhyme condition for the nine to eleven-year-olds, and  ms for the onset condition and  ms for the rhyme condition for the adults).
The seven-year-olds were intermediate in their performance, showing equally strong onset and rhyme priming effects. The ANOVA comparing identical and neutral IW types found a significant four-way interaction of experiment, age, SOA, and IW type, F(,) l n, p n, which was followed-up by additional ANOVAs for each age group. The ANOVA conducted on the RTs of the five-year-olds showed a significant three-way interaction of experiment, SOA, and IW type, F(,) l n, p n, with the identity priming effect occurring at later SOAs in Experiment  than in Experiment . The ANOVA for the nine-year-olds showed a significant two-way interaction of experiment and IW type, F(,) l n, p n, indicating that the strength of the identity priming effect was greater in Experiment  than in Experiment . The ANOVAs for the seven-year-olds, and adults showed no significant effects involving the factor of experiment.
Finally, the ANOVA comparing unrelated and neutral IW types showed no significant effects involving factor of experiment, indicating that lexical competition exerted a highly consistent effect on RTs across the two experiments.
Lost trials
Lost trials accounted for n % of the total trials for the five-year-olds, n % for the seven-year-olds, n % for the nine to eleven-year-olds, and n % for the adults. Frequencies of lost trials were analysed in a mixed-design ANOVA. The main effect of age was again found to be significant, F(, ) l n, p n : Bonferroni post hoc tests indicated that there were more lost trials for the five-year-olds than for the nine to eleven-year-olds and the adults, and the seven-year-olds lost more trials than the adults.
The only other significant effect in the ANOVA was a weak interaction of SOA with IW type, F(, ) l n, p n. For the  cells defined by the interaction of SOA and IW type, lost trial rates ranged from n % for the neutral IW condition at SOA  to n % for the rhyme-related condition at SOA . Lost trial rates for the neutral IW condition were higher at the other two SOAs (n % at SOA k and n % at SOA j) and were lower at the remaining SOAs for the rhyme-related condition (n % at SOA k    and n % at SOA j). For the identical and unrelated conditions, lost trial rates were more stable across SOA conditions (ranging from n to n % for the identity condition and n to n % for the unrelated condition). These apparently random fluctuations were the source of the weak interaction.
Errors
Error rates were adjusted as in Experiment  to take into consideration the actual number of trials completed and are presented in Table  . The arcsine transformed, adjusted proportions of errors for each SOA condition, IW type, and age group were analysed in a mixed-design ANOVA. The ANOVA yielded main effects of age, F(, ) l n, p n, SOA, F(, ) l n, p n, and IW type, F(, ) l n, p n. Post hoc Bonferroni tests indicated that the overall error rate for the five-year-olds (n %) was significantly greater than that of the adults (n %). The error rates of the seven-year-olds (n %) and the nine to eleven-year-olds (n %) did not differ from any of the other ages. Planned comparisons of the SOA conditions indicated that fewer errors were made at SOA k (n %) than at SOA  (n %), F(, ) l n, p n ; the error rates at SOA  (n %) and SOA j (n %) did not differ. In addition to these main effects, only the interaction of age and IW type, F(,) l n, p n, was significant.
Planned comparisons were used to examine the effects of phonological priming, identity priming, and lexical competition on error rates at each age and SOA. The results of these analyses are summarized in Table  .
Comparison of rhyme-related and unrelated conditions indicated that the five-year-olds produced fewer errors for pictures paired with rhyme-related IWs at SOAs k and j, Fs(, ) n, ps n. There was no advantage for pictures paired with rhyme-related IWs for any other age group at any SOA.
Error rates were lower for pictures paired with identical IWs than pictures paired with neutral IWs at all SOAs for the five-year-olds, Fs(, ) n, ps n, and at SOA j for the seven-year-olds, F(, ) l n, p n, and the nine to eleven-year-olds, F(, ) l n, p n. Error rates were higher for pictures paired with unrelated IWs than for pictures paired with neutral IWs at SOA k for the five-year-olds, F(, ) l n, p n, and at SOA  for the nine to eleven-year-olds, F(, ) l n, p n.
Comparison of error results for Experiments and
To compare error rates across the two experiments, we conducted an additional series of ANOVAs on the arcsine transformed, adjusted proportions of errors for each experiment. We report here only effects involving      the factor of experiment. An overall ANOVA, with between-subjects factors of experiment and age and within-subjects variables of SOA and IW type, revealed significant three-way interactions of experiment, age, and IW type, F(,) l n, p n, and experiment, SOA and IW type, F(, ) l n, p n.
As in the RT analysis, to break down the interactions involving IW type, we conducted ANOVAs for the three planned comparisons of IW types, including experiment, age and SOA as additional factors. In the ANOVA comparing phonologically-related and unrelated IW types, there was a significant two-way interaction of experiment and age, F(, ) l n, p n, and three-way interactions of experiment, age, and IW type, F(, ) l n, p n, and experiment, SOA, and IW type, F(, ) l n, p n. Additional ANOVAs were conducted for each age group separately. For the five-year-olds, there was a two-way interaction of experiment and IW type, F(, ) l n, p n : Five-year-olds produced fewer errors for pictures paired with rhyme-related IWs than pictures paired with onsetrelated IWs ( % vs.  %), with similar error rates for unrelated IWs across the two experiments (- %). For the seven-year-olds and the nine to elevenyear-olds there were no significant effects involving experiment. Finally, for the adults, there was a main effect of experiment, F(, ) l n, p n, with the adults producing fewer errors for related and unrelated IW conditions in Experiment  than Experiment  ( % vs.  %).
The ANOVAs comparing identical and neutral IW types and unrelated and neutral IW types showed no significant effects involving factor of experiment, indicating that the effect of identity priming and lexical competition on errors were similar in the two experiments.

As in Experiment , response latencies and error rates decreased with age. The mean RTs for the three groups of children were significantly different from each other, whereas the means for the nine to eleven-year-olds and adults did not differ. Error rates also decreased gradually with age. As in Experiment , response latencies and error rates varied as a function of the timing of the IWs. RTs were faster when the IW preceded the picture to be named, in comparison to SOA conditions in which the word was presented simultaneously with or  ms after the picture. Error rates followed a similar pattern with fewer errors at SOA k than at SOAs  or j.
Phonological priming
The most important result of Experiment  was that there was a significant effect of rhyme-based phonological priming for the two youngest groups and not for the two oldest groups. This effect was concentrated at the SOAs of      and j, matching the SOA results for the onset-related IWs of Experiment . In addition to the RT differences, the five-year-olds showed a facilitating effect for rhyme priming in terms of lower error rates for the rhyme-related condition relative to the unrelated condition.
In the five-year-old group, rhyme priming produced greater facilitation in picture naming than onset priming. In contrast, the onset priming effect was much stronger than rhyme priming in the oldest children and adults. The absence of significant rhyme priming for the older age groups contrasts with Meyer & Schriefers () who reported rhyme priming in adults at SOAs  and j. However, the rhyme priming in Meyer & Schriefers () was significant only when the stimuli were aligned such that the ' onset ' of the word (for the sake of placing it in an SOA) was defined as the beginning of the overlapping material (i.e. the rhyme). Thus, the difference in results between our study and Meyer & Schriefers () is most likely due to differences in the timing of the overlapping rhymes. Given this, it would be premature to overinterpret the absolute level of the rhyme priming effect in the older participants. However, we feel confident about interpreting the study-internal age effects we have found, as well as changes in the relative strength of onset versus rhyme priming as a function of age.
The effects of Experiments  and , when taken together, provide evidence of a developmental change in speech production strategies. Over the course of development, children come to organize their lexicon in a way that maximizes their ability to begin producing the name of the picture before the output phonological buffer is completely filled. This incrementalist approach to articulation emphasizes the role of the onset in lexical activation, as opposed to the rhyme. Because lexical generation is so fast in older children and adults, and because word generation cannot be initiated when only the rhyme is activated, we find no evidence for rhyme facilitation in older participants. However, for younger children, phonological activation in the output buffer operates in a more global fashion. At these younger ages, children have not yet structured their lexicon to facilitate maximally incremental articulation.
Identity priming
At all SOAs, the presentation of an identical IW did not lead to any interference. Thus, the presence of a complete phonological and semantic match between the identity prime and the target was sufficient to overcome the underlying effect of lexical competition. At SOA k, there was a strong facilitatory effect, as there was in Experiment . At SOAs  and j, identity priming blocked interference, but led to no additional facilitation of the target, although there was some evidence of facilitation in terms of lower error rates for pictures paired with identical IWs, especially at SOA j.
    
These RT data contrast with the findings of facilitation at SOAs  and j in Experiment . One possible interpretation of the additional facilitation in Experiment  at SOAs  and j is that the identity priming effect was dependent upon the specific composition of the stimulus set. In half of the trials of Experiment  the picture was paired with either an onset-related IW or an identical IW, with both of these IW types sharing the onset consonant with the name of the picture. This fact may have focused the participants' attention to the onset cluster across trials. The contrasting results of the two experiments suggest that the structure of the lists may have influenced participants' pattern of responding to the identical IWs.
Lexical competition
Unrelated and neutral IW types were compared to compute the effect of lexical competition. Pictures paired with unrelated IWs were named more slowly than pictures paired with neutral IWs at SOAs  and j. The presence of lexical competition at SOAs  and j in Experiment  matches up with parallel findings from Experiment . However, in Experiment , interference from lexical competition was also evident at SOA k.
 
The goal of the current study was to investigate developmental changes in the phonological encoding component of the word generation process. Two experiments used the cross-modal picture-word interference task to measure phonological priming in children's picture naming. In both, response latencies for pictures paired with phonologically-related IWs were compared with latencies for pictures paired with phonologically-unrelated IWs to compute the contribution of phonological priming. In Experiment , the phonologically-related IWs shared the onset consonant or consonant cluster with the names of the target pictures. In Experiment , the phonologicallyrelated IWs rhymed with the names of the pictures. We predicted that, if incrementalist processes for articulatory production develop over time, older children and adults should become more influenced by onset-based phonological priming than by rhyme-based phonological priming. For younger children, on the other hand, the two types of priming should have roughly similar effects. The results of the two studies supported this prediction and the incrementalist model upon which it is based.
In Experiment , participants at all ages showed strong onset-based phonological priming at the SOAs of  and j. However, the SOA yielding the maximum priming effect was delayed in five-year-olds, in comparison to older children and adults. We attributed this finding to increases in processing speed. Apparently, the younger children needed more    time to encode the IWs before they could impact picture naming. In Experiment , only the five-year-olds and seven-year-olds were strongly influenced by rhyme based priming. The magnitude of the rhyme priming effect was enormous for the five-year-olds and was actually somewhat stronger than the effect of onset priming.
The observed differences in the strength of the rhyme priming effect can be attributed partially to developmental changes in the speed of initiation of articulatory plans. Older children and adults start to articulate the name of the picture so quickly that the rhyme has little effect. In contrast, younger children are still engaged in phonological encoding while they are processing the rhyme of the IW. As a result, they can benefit from rhymes even at later SOAs. This account predicts that older speakers should benefit from rhymepriming when the SOA is shorter. Indeed, we found slight facilitation in older children and adults at SOA , and Meyer & Schriefers () found significant facilitation when they defined the SOA in rhyme priming as the interval between the picture onset and the onset of the overlapping rhyme.
This research yielded two central findings. The first is that rhyme priming has a strong effect in young children, but not older children and adults. The second is that the peak effect of onset priming moves to earlier SOAs with increasing age. These two central findings both point in the same direction. They indicate that the phonological representations underlying word generation change qualitatively with development.
This qualitative developmental shift involves an increased emphasis on retrieval from the word's onset, as opposed to holistic retrieval (Walley,  ; Jusczyk,  ; Metsala, ) . This shift allows children to speed up their articulation. By speaking more rapidly, children can participate more fully in rapid turn-taking and can successfully enter a conversation at turnrelevant junctures (Ochs, Schegloff & Thompson, ) . Increases in the speed of word access also facilitate the smoothness of sentence planning and decrease tendencies toward disfluencies (Wijnen, ) .
Speeded lexical access depends on a reorganization of the lexicon into an onset-based structure. Taft & Forster () referred to this structure as the basic onset syllable structure (BOSS). It has figured prominently in many models of lexical retrieval, such as the Cohort Theory (Marslen-Wilson, ) and ShortList (Norris, ) . Recently, Gupta & Dell () have shown that languages come to adapt themselves to the importance of word onset by placing more information into initial position and less into final position.
During childhood, the size of the child's vocabulary grows from approximately  to  words at age four, to approximately   to   at age ten to eleven (Anglin, ) . Throughout this extended period of vocabulary growth, the child's lexicon must continually adapt to increases in neighbourhood density. It must cope with increasing similarity across lexical      items, as defined by the number of real words in the child's vocabulary which share phonological segments (Charles-Luce & Luce, ).
Neural network theory provides a detailed way of understanding these developmental shifts. One framework uses self-organizing feature maps (Miikkulainen, ) that are organized into topological spaces that correspond to cortical regions. As local maps become densely occupied with competing lexical items, gangs of competitors spread out to secondary neural projection areas that deal specifically with the competition between words that share a basic onset syllable structure. These secondary projections still communicate with the overall lexicon, while focusing attention on the competition among close relatives. In this way, the lexicon becomes reorganized in a way that facilitates quick retrieval of onsets. This neural network model captures similar informal statements from other students of lexical reorganization. For example, Walley ( : ) notes that words become increasingly cross-referenced with one another in terms of phonological and semantic similarity relations, such that ' representations of similar words (existing or new) are ' moved closer' to one another and relevant differences noted '. Similarly, Metsala's recent work () provides evidence that segmental restructuring does not occur in an all-or-none, system-wide fashion. Instead, for a given word, the extent of segmentalization depends on the density of words sharing similar sounds. Words that are infrequent in the language and have few phonological neighbours are the last to be restructured.
In addition to this ongoing process of lexical restructuring, children also experience an overall increase in processing speed (Kail, , ) . One result of this is a growing ability to articulate words more quickly. Kawamoto, Kello, Jones & Bame () and Kello, Plaut & MacWhinney (in press) have shown that adults working under a deadline can trigger an articulation before it would normally be produced. These findings show how increases in articulatory speed can arise from just-in-time access to articulatory forms, as well as improvements in lexical organization around onset syllable structures. Together, this research and the findings of the current study provide evidence that growth in articulatory speed over development depends on specific changes in both structure and process.
Apart from our specific findings regarding lexical development, this study also demonstrates the feasibility and importance of conducting ' on-line ' language processing studies with very young children. While we have focused here exclusively on the process of word generation, similar techniques can be used to study the production of complex utterances. For example, Schriefers () has recently shown how it is possible, with adults, to systematically track the production of larger syntactic units, such as noun phrases, using the picture-word interference paradigm. Extending tightly controlled experimental methodologies of this type to children will help us     construct a fuller model of the development of linguistic structures and the language production process. 
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